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What is claimed is: 

A nonvolatile semiconductor memory device 
comprising : 

memory cells which can be electrically programmed 
and each \of which has at least three storage states; 

a memory cell array constituted by said plurality 
of memory aells arranged^±rT^a\matrix ; 

a plurality of c^ata circuits for temporarily stor- 
ing data f or ^controlling write operation spates of said 



cells in s^id ijiemory ce3)l array; 

ation to 
coroarnce with con- 



plurality of memory 

write means fob performing^a write op 
said plurality o.f memory cells 



Jn 

tents of said daAa ciSrcuits respectively corresponding 
to said plurality >pf mem&ry-~dells ; 

write verify means for checking states of said 
plurality of memory \:ells set upon the write operation; 
and 

data circuit contfent updating means for updating 
the contents of said da^a circuits such that a rewrite 
operation is performed to only a memory cell, in which 
data is not sufficiently written, on the basis of the 
contents of said data circv^its and the states of said 
memory cells set upon the write operation; 

wherein the write operation and a write verify 
operation based on the contents of said data circuits, 
and an operation for updating the contents of said 
data circuits are repeatedly performed until said 



- 95 - 



15 



plurality of memory cells are set in predetermined 
written\ states , thereby electrically performing a data 
write operation. 

2. A nonvolatile semiconductor memory device 
comprising : 

a memory cell array constituted by a plurality of 
memory cells \which are arranged in a matrix and each of 
which can be electrically p^^y rammed , 

each of said memow cells having\at least three 
10 storage states ^nd styoring arbitrary data "i" ( i\ = 0, 
1,..., n - 1; n \> 3)/ as multivalue\data , and a 
storage state conresjponding to data) \0" being ai 
erasure state; 

a plurality o\ff d^ta circuits yfeach serving as a 
sense amplifier and| ha^ng a fur^tion of sensing data 
and a function of storing sensed information as data for 
controlling a write \operation state of a corresponding 
memory cell in said memory cell array; 

write means for performing a write operation to 
20 said plurality of memory cells in accordance with con- 
tents of said data circuits respectively corresponding 
to said plurality of memory cells; 

ith (i= 1/ 2,..., \ - 1) write verify means for 
checking whether the storage state of each of said 
25 plurality of memory cells set upon the write operation 
becomes a storage state of data "i ,! ; 

ith (i = 1, 2,..., n - \) data circuit content 
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simultaneous updating means, said data circuit content 
simultaneous updating means for simultaneously updating 
the contents of data circuits corresponding to a memory 
cell in which data "i" is to be stored, such that a 
rewrite operation is performed to only a memory cell, in 
which data\is not sufficiently written, on the basis of 
the content^ of said data circuits and the storage 
states of said memory celljs"" set upori\the write 
operation; ancJ 



data circuit con 
a storage checking op 
verify means and\ a si 
performed by said\ith 
updating means to oat 




r performing 
aid ith write 
operation 
s imult aneous 
n - 1 times 



to update the contents of all said data circuits, 

wherein said itih data circuit content simultaneous 
updating means, of bAt line potentials at which the 
storage states of said memory cells set upon a write 
operation are output bu said ith write verify means, 
corrects in accordance with the content of said data 
circuits, senses/stores , \as rewrite data, a bit line 
potential corresponding to a memory cell in which data 
" i" (i > 1) is to be stored, updates the contents of 
said data circuits, corrects, the bit line potential at 
which the state of said memory cell set upon the write 
operation is output in accordance with the contents 
of said data circuits such that\bit line potentials 
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circuit (Content updating 
performed 
in predete 




performec^ until salp plurality 

itten 



corresponding to memory cells in which data except for 
data "i" are to be stored are sensed/stored such that 
the contents of said data circuits are held, holds the 
data storage states of said data circuits until the bit 
line potentials are corrected, operates said data cir- 
cuits as sense amplifiers while the corrected bit line 
potentials ane held, and updates simultaneously the 
contents of sajid data circuit corresponding to said 
memory cell in\ which data /^i 11 is toN?e stored, 
10 a write operation b^sed on tfte contents bf said 

data circuits and a date! 
operation are reAeatedly 
of memory cells are set 
states, thereby el^ctricc 
15 operation, 

3. A device according to claim 2^T wherein a data 
circuit content simultaneous updating operation based on 
the contents of said data circuits can simultaneously 
update data with respecf to a plurality of bit lines of 

20 said memory cell array, 

4. A device according to claim wherein said 
data circuits control writte operation states of said 
memory cells in accordance\with data stored in said data 
circuits in a write operation to perform control such 

25 that the states of said memory cells are changed into 
predetermined written states or the states of said 
memory cells are held in statesX set prior to the write 



■mined 



rming a data write 
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operation, ■ "~ 

tor a data circuit corresponding to a memory cell 
to be set in an " i"-data-written state, said ith data 
circuit \content simultaneous updating means, 

changes data of said data circuit into data for 
controlling the state of said memory cell to hold the 
state of said memory cell in a state set prior to the 
write operation when a m^mery^cell corresponding to a 
data circuin in which^data for changing a memory cell 



into the !f i"4data-w 
written state 

sets data\for 
cell to change the s 
"i"-data-writteA stat 




predetermined 



said memory 
memory cell into the 
data circuit when a 



memory cell corresponding to a data circuit in 
which data for changing a memory cell into the 
"i" -data-written st\=ite does not reach a predetermined 
written state, and 

for the data cirfcuit that data for controlling the 
state of said memory cell to hold the state of said- 
memory cell in a state set prior to the write operation 
is stored, sets data f or\controlling the state of said 
memory cell to hold the skate of said memory cell in a 
state set prior to the writhe operation in said data 
circuit, and 

said ith data circuit content simultaneous updating 
means does not change contents\of said data circuits 



• J 
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for the 



are to be stored. 



5. & device according to claim ><wherein each of 
said memory cells is constituted by stacking and forming 
a charge accumulation layer and a control gate on a 
semiconductor layer and stores arbitrary data "i" 
(i = 0, 1,.\*., n - 1; n > 3) as at least three storage 
stages and ^s multivalue data using magnitudes of 
threshold voltages , and ^ — v 

said ith\ write veTrify mean& applies a predetermined 
ith verify potential/ to said control gate to read out 



threshold voltage of a memory cell 



ta-written 





ired 



and check whether a 
set to be the n Y"-d4l 
threshold voltac 

6. A devic^ according to qlaim ^ wherein a stor- 
age state correspdnding\to data/ "0" is an erased state, 
a difference between a threshold voltage corresponding 
to the data "n - 1" \state and the threshold voltage 
corresponding to a data "0" state is maximum, and 
threshold voltages corresponding to data "1", M 2" 
"i" "n - 2" states range from the threshold voltage 
corresponding to the data 0 state to the threshold 
voltage corresponding to\the data M n - 1" state, and 

the threshold voltages corresponding to the data 
r l" , "2" "i" "n V 2" states are ordered from 
the threshold voltage corresponding to the data "0" 
state , 
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said device further comprises 

a first bit line potential setting circuit for, of 
a plurality \of bit line potentials at which states of 
memory cells! set upon a write operation are output by 
said ith write verify means, when said data circuits 
sense a bit lane potential corresponding to a data cir- 
cuit whose contents are data for controlling the states 
of said memory! cells to hold the states of said memory 
cells in states\ set prior ^cT the wrife^ operation, set- 
ting a bit line Vpo tent ia2^ to be a first correction bit 
line potential for obtaining data for controlling the 
states of said memory 



set prior t 




zells to ho^d states of ^aid 



operation, 



memory cells in states 
and 

a jth bit line ^pot^jjtial setting circuit for, of 
bit line potentials dprrespfcrniihg to memory cells set to 
be data "j "-written states (i + l < j) among bit line 
potentials at which stages of said memory cells set upon 
a write operation are output by said ith (1 < i < n - 2) 
write verify means, when a data circuit senses only a 
bit line potential corresponding to a data circuit 
whose contents are data f or \controlling states of memory 
cells to set the states of said memory cells in data 
"j "-written states, setting the bit line potential in a 
second correction bit line potential for obtaining data 
for controlling the states of saUd memory cells to 



change the states of said memory cells into the data 



J 



J 
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"j "-written states, 

wherein, to update the contents of said data 
circuits, a bit line potential at which states of said 
memory cells set upon a write operation are output by an 
ith write verify operation is corrected by said first, 

(i + l)th, (1 + 2)th, (n - l)th bit line potential 

setting circu\its. 

7. A device according to claim £-^wherein each of 
said data circuits is const>tTXbe4 by a\first data stor- 
age unit for storing information indicating whether a 



state of a memory cell i 
write operation ^nd a sepond dat 
the information 6f said first data\storage 



s held in a state set prior to a 
storage unit for, when 
unit is not 



information for controlling the sta\te of said memory 
cell to hold the s^ate of'^said memojry cell in a state 
set prior to the wr\te operation ,^/fetoring information 
indicating a written\state "i" ( i = l , 2 , . . . , n - L) to 
be stored in said memory cell, 

said first data storage unit having a function of 
sensing/storing bit line potentials which are corrected 

by said first, (i + l)th\ (i + 2)th, (n - l)th bit 

line potential setting circuits in accordance with the 
contents of said data circuits to perform the data cir- 
cuit content updating operation and at which the storage 
states of said memory cells set upon the write operation 
are output by the ith write verify operation. 

8. A device according to\claim ^T^further 
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comprising : 

a\write prevention bit line voltage output circuit 
for, when the information of said first data storage 
unit is \information for controlling the state of said 
memory cells to hold the state of said memory cells in 
states set prior to a write operation, outputting a 
write prevention bit line voltage to a bit line in the 
write operation; and 

an ith \i = 1, 2 , . ./ 9 , n - 1) bit line Voltage out- 
put circuit fbr, when /the information of saj\d first dat 



formation for controll 



1 




ing the 



cells to ho\ld the stages of said 

write 
jtLfhe-Wbltage in the 



\or to tl 



storage unit is not imj 
states of said memory 
memory cells in Vthe spates set prji 
operation , outpunt ing 

write operation in accordance wi£h information of said 
second data storag^ unit \ndic^ting a written state "i" 
to be stored in a memory cell. 

9. A nonvolatile semiconductor memory device 
comprising: 

memory cells which can be electrically programmed; 

a memory cell array constituted by said plurality 
of memory cells arranged\in a matrix; 

threshold voltage detection means for charging a 
bit line connected to said\memory cells through said 
memory cells; and 

a sense amplifier for sensing a potential of said 
bit line charged by said threshold voltage detection 
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means 

therein a bit line potential obtained by said 
threshold voltage detection means is determined by the 
threshold voltages of said memory cells, 

10. \ A device according to claim ^<"wherein each 
of said Memory cells can be electrically programmed to 
store at U_east three data each at a different threshold 
voltage ofi said memory cell as multivalue data, 

said threshold voltp^e detection means outputs the 
multivalue fcata of saiu memory cell to s^id bit line as 
a potential ^laving 

said sen>$e ampfl 
having the multivalue le^ 

11. A device Recording to/ clalrfT^ wherein said 




potential 



memory cells are\ connected in/ series with each other as 
units each constituted by a/pluralitv of memory cells to 
form a plurality ofc NAND-cell structures, one terminal 
of each of said NAND-cell structure being connected to 
said bit line through a first selection gate, and the 
other terminal of each of said NAND-cell structures 
being connected to a source line through a second selec- 
tion gate, 

said threshold voltage detection means transfers a 
source line voltage to sa\d bit line through a corre- 
sponding NAND cell to charts said bit line, and 

non-selected control ga^te voltages and first and 
second selection gate voltages are controlled such that 
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voltage transfer capabilities of non-selected memory" 
cells and first and second selection transistors are 
sufficiently increased to such a level that the bit line 
voltage is\only determined by the threshold voltage of 
the selectep memory cell . 

12. A device according to claim ,Jt<f^wherein said 
memory cells \are connected in series with each other - 
as units each \constituted by a /plurality^f memory 
cells to form a plurality ofJJANQrcell structures 
each having one terminal /connected to said fc\it line 
through a first selection gate and the other/ terminal 
connected to a source/ line through a secongK selection 
gate , 



said threshold 
source line voltage t 
sponding NAND cell to 

non- selected control 



Dltage deted 



ion means transfers a 



said" bit 1/ 



Lne through a corre- 
arge said bit line, and 

voltages and first and* 
second selection gate v6ltages are controlled such 
that voltage transfer capabilities of non-selected 
memory cells and first and second selection transistors 
are sufficiently increased\to such a level that the bit 
line voltage is only determined by the threshold voltage 
of the selected memory cell 

13. A device according to claim ¥b , further 
comprising: \ 

a plurality of data circuits each functioning as 



said sense amplifier and having a ^function of storing 




J 



* \ 

J 
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sensed information as data for controlling write opera- 
tion states of \ said memory cells; 

write means for performing a write operation in 
accordance witht contents of said data circuits respec- 
tively corresponding to said plurality of memory cells 
in said memory clpll array; 

write verify means which uses said\threshold 
voltage detect ion\ means to /dfie&k^ whether States of said 
plurality of memory cell£ set upon the writd operation 
are storage states\ of 

data circuit qontjbnt simultaneous updating means 
for simultaneously bpdlating the qohterits^of said data 
circuits with respect \to a plurality of bit lines such 
that a rewrite opera^ioVi is performed to only a memory 
cell, in which data ife notl^Qf f iciently written, on the 
basis of the contents pf said data circuits and the 
states of said memory cells after write operation, 

wherein said data aircuit content simultaneous- 
updating means corrects a bit line potential at which 
the storage states of said memory cells set upon the 
write operation are output \ in accordance with the con- 
tents of said data circuits \to sense/store the bit line 
potential as rewrite data, holds the data storage states 
of said data circuits until the bit line potential 
is corrected, operates said datV circuits as sense 
amplifiers while the corrected bit line potential is 
held, and simultaneously updates the contents of said 
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data circuits , ^and 

a write operation based on the contents of said 
data circuits arid a data circuit content simultaneous 
updating operation are repeatedly performed until said 
memory cells are set in predetermined written states, 
thereby electrically performing a write operation. 

14. A device according to claim ^3^wherein said 
data circuits control write operation states^ of said 
memory cells in accordance wjsth dat^ stored xi\ said data 
circuits in a write bperati^n to perform control such 
that the states of s^id memory cells a\re changed\ into 
predetermined written\ states or the st 
ory cells are held in i^tatelp set prior 
operation, 




said data circuit qphtehj: simultaneous updating 
means , 

changes data of said\data circuits into data for. 
holding the states of said\ memory cells in states set 
prior to the write operation when a memory cell corre- 
sponding to a data circuit in which data for controlling 
said memory cells to change teaid memory cells to have 
predetermined written states \ is stored reaches a 
predetermined written state, 

sets data for controlling said memory cells to 
change said memory cells to havye predetermined written 
states in said data circuits whqn said memory cell 
corresponding to said data circuit in which data for 
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controlling said memory cells to change said memory 
cells to ha^e predetermined written states is stored 
does not reach the predetermined written state, and 

sets data for controlling the states of said memory 
cells to hold the states of said memory cells in the 
states set prioV: to the write operation in said data 
circuits, when data for controlling the states of said 
memory cells to \iold the states of said memory cells in 
the states set priior to t#e writd\operatief^is stored in 
said data circuits. 



15. 



A device Wcc 




prising a bit line \pqftential setting 
of bit line potenti^ljs at which sta 
cells set upon the 
threshold voltage detection 
potential corresponding N:o 





for, when, 
es^of said memory 
'are output by said 
only a bit line 



data circuits whose con- 
tents are data for controlling the states of said memory 
cells to hold the states of said memory cells in the 
states set prior to the\ write operation is sensed by 
said data circuits, setting a correction bit line 
potential at which data &or controlling the states of 
said memory cells to hold\the states of said memory 
cells in the states set pr^_or to the write operation is 
obtained , and 

wherein, to perform th4 data circuit content 
simultaneous updating operation, a bit line potential at 
which the states of said memory cells set upon the write 



# 



• 



- 108 - 



10 



15 



20 



25 



operation are output by said threshold voltage detection 
means is qorrected by said bit line potential setting 
circuit in\accordance with the contents of said data 
circuits . 

16. A deVice according to claim wherein said 

device is a nonvolatile semiconductor memory device 
in which one of\said memory cells has at leasts three 
storage data "i"\(i = 0, 1,..., n - 1) to perfjbrm a 
multivalue storing operation a stdisage state/corre- 
sponding to data "0" being an erased state, 

each of said d$ta circuits is. constituted by a 
first data storage uijit for storing information indicat- 
ing whether a state ot ^ memory ^ell is held in a state 
set prior to a write operation afnd a second data storage 
unit for, when the infoVmatic 



of said first data, 
storage unit is not information for controlling the 
state of said memory cell\ such that the state of said 
memory cell is held in a ^ytate set prior to the write 
operation, storing information indicating a written, 
state "i" (i = i, 2,..., n A 1) to be stored in said 
memory cell , 

said first data storage linit having a function of 
sensing/storing bit line potentials which are corrected 
by said bit line potential setting circuits in accor- 
dance with the contents of said nata circuits to perform 
the data circuit content updatina operation and at which 
the storage states of said memory \cells set upon the 



- 109 - 

write operation are output by the threshold voltage" 
detection means, 

17* A device according to claim ^6^T^t^rein said 
first data storage unit has a_£unction of comparing a 
reference voltage with a bit line\ voltage to sense a bit 
line potential and / A ' J 

a function of\ sensi|ng/storinV^a_^iJs^ine potential 
which is corrected by sa\db^t line potential setting 
circuit in accordance\ with the contents of said data 
circuits using a reference voltage corresponding to the 
contents of said data circuits and at which states of 
said memory cells set upon the write operation are 
output by said threshold voltage detection means. 



